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An Evaluation of an Automatic Cell
Detection ond Tracking Algorithm

T!ic la rge'1 noulInt (-) daft ava iL, b I c rom Do pplIcr.% wetotI tr raidar Sss2n1S (fuor

e-XJ I IlIc' 1l(t iit%., raid i. (I rrc it%, aind veloc ify v %- riincc flIds) make it flearnv

impossible fo.- inl ope rtiona l o rcc>ste r to observe, interp~ret, and integ rate aill

the data info a forecast product. \l ni\ of the ailgorithmis developed for thle NEX HAD

software packaige will a utornate thle analysis of Doppler weather radar data in real

tinme aind provide' usefol, e~S oitrpret products for the operational mieteorolo-
gist.

.\si the Technjc:rl Ev1'alution Facility' (TEE) for the NEX R.tAD project, the Air

Force Gcophvsic I aiboratorv S (AYIJ I)Ground Based Rem-oto Sensing Branch is

deve-loping atnd evaluiating proposed ailgorithmis for the NEXHAD sYstem. In this

report we(. p resent ain evaluation of thle A utomatic Cell Detect ion aind Tra cking

Algorithm) pr-oposed and developed by Criane 1, 2,,4, 5lnd GLustafson and C rane,* 6,7

is an1 opt ratiorral tool.

kkkcc ived forr pkublit ion 3 November 1 912)

Tire xt ;em' rition \\ ezther Rada r (N LX AD) is a joint agency program to de-
clop aind accin rie a asrrveillance Doppler weather radar s ' stem for the Depart-

irreits of' Commrerce (Do(:.), Defense (DOD), aind Transportation (DOT) The
N1.1A\ I svstern will replace aging D)OC aind DOD weather rada rs, and improve
Si Vi rc . ah detection apahbilities.

(I )u to tll. hr Ia go nir robe 1 of roeerences cited above, thley\ will not be listed hrere.
S~i etc encs, (igi29.
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We have based tile evaluation (on an analysis (if the timing. accuracy, and

limitations of the ailgorithm assuming:

" a 5-b min elevation angle sequence (volumie scan) repeat time;

aind

* products will be useful to at least a range of 230 kmi.

The analYsis consists of checks of the algorithm products against both raw data

and Output from the Automated Heal-Time Storm Analysis and Storm Tracking
8

(WEATRIK) developed by IBjerkaas and Forsyth.

All the data used in this analysis were archivet.d during the 1979 Joint Doppler
9

Operational Project (JIXM') (Donaldson and Glover Iby AFGUs 5-cm radar located

at the Doppler Hadar Facility of the National Severe Storms ILaboratory near

Norman. Oklahoma.

-1. THE AUTOMATIC CELLI DETECTh>N A~ND TRACKING ALG;ORITHM

2.1 Algorithmi Overview

The AutomatiCc ell Detection and Traicking Algorithm (ACDT) was designed

to detect anid traick cc rtain features of precipitation echoes observed if] weathier

radar data. These featurtes a re:

6 B peak,0s defined b.% contours of reflectivityv 3 dJ3Z below

indiv'idu.Ail peaiks in the reflectivitY field,

% \Oltule -cells consisting of ye rticallv correlated 31 dB peaks,

( (ontoUr regions defined byv one fixed reflectivitlY value (for example,

30 d 11/.) ,t the lowest avaiilable elevation aingle,

* Clasters defined ais groups Of volume Cells within ak single

contour, and %%ith spaicings less than some minimuiim distance.

2.2 Storm .AIirihiaIes

The following is a discuass ion of' the %ariu ('015tt rihutes which a me computed for

(2(I of thc leatIfurs listed ahbovc.

8I. ltiericaas. C. I. , anid I'aisvth, I). 1,, 190) An Automated Ileal-'lime Storm
A nalysis and] Sto r T'racking Prograri (\EATI3K) AF; 1.-TH3-80-03 16.
A 1) A 100236.

I. nnaldqon. H ... ,.Ir. , and (,iover, K. N]. I 1980) .h~int Ai~ciwv I)oppor
TvchnoloLgv Tes;ts. A IC; j-TH-80-0:07. Ai) A 10200.-



2. 2. 1 :1 13 PEAKS AN 1) \OLUME CELLS

3 (113 peaks are characterized by the attributes listed in Table 1.

These peaks are detected and attributes, compiled and stored for each eleva-

tiot, angle. After, a volume scan i s completed the 3 d13 peaks are vertically

(orrelated to build three -dimensional structures called volume cells.

The algorithm produces a heirarchy of volume cell types, removes false

volume cells, and identifies significant volume cells. Significant cells are charac-

terized as having a high1 degree of vertical continuity or having high reflectivity and

some verti cal continui ty. Specifically these criteria for- signifi cance are:

11) detection on moce than 500,' of' all azimuth scans in a volume scan and mjore

rban 70 ;{ of the scans below 6 kin; or (2) average reflectivity greater than 410 d113Z

in more that, 301' of' the azimuth scans in a volume scan, with some portion below

6 kil.

.V cording, to tCrane, 4 evercaL vpes of volume cells are evident in. the output

tmthis a1o' h .These ace large matre (significant) cells. voung growingy

('l1s, mId Vtroundlu[t tet whin n is typically ident ified by cellIs that do not move and

ic- ~ T,) ifi, ir taco'.

2. 2. 2 'tN 10 1 A S

Sice contours a rce dfined as regyions enclosed by a preselected reflectivity

-hrieshold, 0lev to av Oanto nasa, more than one, volume cell. The attributes tallied

-ach cotitouc eir are lse in 'fable 1.

1h111tiutions of thei ('oluto' ts coclosed1 b'.' a conttour' ate used to establish

racks tor thle ontour tegmoms , and to provide a di rectory totr the mergers and splits-

I the mintotmt' regions. Eat itoates of liquid water flux averaged over the area of a

atid otout' ate useful t or a ic Lati ye ('valuation )f the contoured regions. TIhe

il~oci thi om)0putes the total water mnass flux rates only for ohs ervati ons at the

lowest elevation attgle to avoid containmation by ice.

2. 2. 3 CI l I'ST 1,: S

C' Losely sa acd abatne ellas acc associated as be longing to a cluster, each

cluster is trtacked and attributes arme com0pi led des ccibting its stru('ture and behavior. -

The c luan' r a tci bates are liste- I ini Iable 1. Crmane and flatoly state that, at ashort

m'anmp('s wherie tilt radar bcato is stiffi cnlv narrow to) resolve the volutme eel Is in a

[laster, the ItiaIcr will represent active convection. Elowevet'. at longer ranges,

ihe voluime cells in a ('laster may not be resolved, in whi ch case the converivle

e leienrt will be detected as a si gui ficant cell.

IN conicte elevatiotn angle, sequence fronm lowest to highest elevation is called a
volume scan.

10. Crane, H. 1K. . and Hardy. K. R. ( 1980) 'rhe Hiplex roam in Colbvy(loodland
Kansas: 1976- 1980, Final Report, l)oi'antent P1552-F,. ,nironmental
Research &Tf;chnolngy, Inc. ,Concord, Massachusetts.
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f 1 1, tk Ilsjit s 0 1 foi I o Iujne s ca i , re o rded bet weet-n 155.5 Ad

1.2 1 1 . 1 I.ta 1,11 ,oO uia *U 1110 S lIS :I*t I SUbSe't 0(I .,11 Cle',-C

Al0!,.I0)1,:. itc !flt 'Ivktvitriin. nd itr .,si,essed fo be, ruprusentlitive of tne

IA': '> : 12 .1 I)(J ::1 .o -A I, 1;, s bn (;e .4 r e. s, 4

ri: * . IIl---. "o~t .I

-' ~ +. I . -t , !,c .1 . '1 d !f 1: o

I- '-( bi -(ti hk .

in A*. I. f in;. om r-in

n+ro': I, !: t: c.~ i it n be. -Af th:it th.- .\I)IF

r.-::l ,1 T IVI1' _' +'!( 1.1 . 1 d0 ix 1l1F111 late'r IT,,hle- 1,1

!re~1.!n -.t+, :I' rine one (4) Mucih is identified

-r~e ri: 11!s+ lltlr:n Ifn ri-L-t. Hlowever. witi t
the next sequence (T!.ble 41

tA1-,1 2 :eIt 11. ..- r( I Irtd +I,,, on'uv 4 tias increed b:I( k w ith 1 (second to last

ttlil''n :'A :d -III l d,-nliti.- t newx cell (5 :.f o r~nge of 20:3 km. In the

ri j(.'an.A , 0 (.5 ( 1 t1 (I -W!'(- weL set' troti 2 has merged w~ith I (Table 5 and

'11 In I.~ojL 'ridrr~nc.11 sp1''+ing lliiv seen) little aIrtificiail ('-,.,t

15..01' 0 'C L:)I ndl 4), 1+ j.5 1 iune+io.n of thle tnries'lold (30 dB1/' ) use:d +o define

+ - 111 1 t '. 1 rI , p1 11i +,A( pt 14 11 r-bat ions- ' n r if i at %valIue. Contour r-egion 4 is

!0 +t re,1' lil1y 11V rnt in1 1 1are 2 due to Hie snmoothing in our contouring routine .

IIi, nov. ppti (nltcrt in till ri.v da, wile re two aid aicent range gates with re -

flectivities i 28 id 21. 'a li. sep.,rate f,(1 ireas of r'eflt'ctjvjtv g reater than 30 dliz.

'a-t I orit,mt- Ileg ion betweeL'n ct~ntOU1 r rep ions 1 and 2 (mrked x in Figure 1) does

not (,on+ -in . 3i IM pea k and is the refo re not listed by tre aigo ritllm.
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I ible 2. A'\ )i \ oluine Sca:n output for \olume Scain No. I

SCAN rmE 182- 1555" - 160lO? VOL SCAN - I D At i--1 9.8-l'-C -t--
TRACK REF TIrE 1555 7 - 1555C7 AZP' SCAN IC/C EL - . t C 6.5 (EEG)

NFN 10, NVMx i

PTxle CCNqOUR ouTPT1?

CfWtT*0CO AT CELL z 14 N h SPR SPR C k IQ REA9 V1 LC 1-V-1-mX P K
TRK AZM RNG AZM RNC AV PK V S C X L R FLLX XSCN AV CELL CIST HT IC ID

I 33C 167 329 164 .2 47 6 2 1 3.4 ;.t29C 4.77 C.61 ;9
,  

9q9 6.; 12 C C
2 3tl 188 32C 18E 43 46 4 2 1 3.C 9.2 6Z 2. !4C.37 91 919 t.-t1t

-
t

-  
-0

3 329 217 329 217 44 44 1 0 C C.0 O.C C 0.61 C.C8 q95 9;9 0.C 6 C 0

-Yet-1fl4-f--LCt -tv -u -- pt________

CENT*OIC - - 2 - - iT 4AR CELL SPAC:AL (IAN) C1P 4RAC tACCS-"l--C -
TRK FST NCR AV PK LW II L P - EMI/S NP /S SPAO A (.HR) SPO VEL SP" TR T; C E E
"' Ko, KM DOi CE CO Ce W N I CLO C itX Kki (11510 P i Mtl-P/ 11 tj --. f
1 -131 142 42 43 43 43 S 5 5 11.8 2.1 '.CC 9.2 1.4 C.0 -9.5 4.6 0 2 1 1 1
! t81--19 3*8 4 610 11 .8 2.1 C.?tt6.7 3. 4 -- -. t 2?4
3 -114 143 46 46 46 46 4 4 4 11.P 2.1 C.CC 3. ! 1.7 C.0 -9.1 2.! 0 2 2 1 1
5 -112 18 4 1 44 44 3 e 4 f 6 11.! 2.1 C. C 7.7 C. C C .t-1. C C.- 2 -1 -
6* -95 139 40 42 34 42 4 t 7 11.8 2.1 C.CC 6.C 1.7 C.0 -7..3 . . 1 2 1 1 3 1
? -95 143 43 44 44 42 4 4 5 11.8 2.1 C.CC 8 .1 C.C C--1-4 .-t t- -1?2 -
8 -112 185 44 44 44 44 6 t 6 11.8 2.1 ;.CC1C.2 C.C C.C-14.i C.C 0 3 C 1 1
9-- e 23 47. k ,r -4-,-7 37 4 4/ 7 11.8 2.1 C.cel!.3 i.e-- C -. C 9.f-- -- - -

14 -67 137 36 38 35 3i 3 4 4 11.8 2.1 C.CC 3.3 1.7 C.0 -4.e 3.5 0 1 4 1 1
15 -8C 137 44 44 44 44 5 5 5 11.8 2.1 C.CC 1.! 2.3 C-. 0---t . - -- -- 1-

- -

17. -85 137 42 45 45 31 5 712 11.8 2.1 1.43 9.Z 1.7 1.G -5.4 6.s 2 1 5 5 1

C,."Tt * -COUT Ptt

tENTRC-T t N FPR SOR ORT CNT VELCCITY 5SPEAR MX 19 !P CELLt. -- t- t --
TRK AZM RNG AV PK V x L ANG 10 AV CELL P4SKM 1T IC IC ROT. CIV. RC

90~ DEC KMO0 OttC C KM KM DC EM/S N"/S KMt wt N-C- -PS1-9rKt1CS
1 323 186 41 44 1 C.C C.C C 2 C.0 C.0 C.C 6 C C O.CC C.CO 0

YCt--f"P-I RtEA VtLVXNEAR NEIG"P"CR AfT NONC Vft-Cl'T-
- 

WK CLCI C. L V'C

SCAN KKM2 KMT/I CELL CLST CONT VCL CS FC EM/S KM/S NO CTR CTR C
in, !.t teu.tt 9.4-e- I.0 -m 1.2 2.1 13 3 W . C C a.

14



i Abit i. \(I)1 t'ILltm S 111 ( )utput for \tolume Scan No. 2

se - h -&&k4---ii-*&-4-fl--- 1644? 4 1e 5 vOt. SCat 2 ij t*,f (E- &-* tti-
15401 V9EF It~ 1 1 2 - lel'4 . A. cA' P/ L . 1

~$A. 0. NM* z 21

F-IX- CONTOUR -tyPt=

- - Eil*o-b av CEtt z h s. SPR 5Pt £ 1'K ORE* vtLc- IT -t ki -Y -Q 5*

TRK AZN RNG AZW RNC AV ! SC N C FFOX ,17 Aw I LL:TMT

&t ED(I -*W-O0t tg E ( t- 440 AS 1 flt PIZ' IEce, f*t4*--Af-
32C 185 321 184 43 49 5 2 C 4.0 9.' 4 4.., C.36 15E I' s.C q

4 3 f 65 32 16£ 43 9 2 2 1 O.C M Q . (. c 1', t? C-.- f0 0
3331 2 17 333 21?7 44 4'. 1 , 0 0.0 C,. C 070 C7 'E 1 02 C.

1 3l- "5 329 164 *4 .,5 2 c C e.0 . £ e..&! C.C' ,- 0 *.. t ,- 0

V0LUE CELL OUTPUT

CENTROIC - 0 - CT vBAR CEL- ;PgC:AL (,A%,' -7P QA, L~ R
-** eii-te "vP L I t. 0 " ffpu #0M/S SP*e0 (S"R)t pMf, lrft -5-Pf -T9---------

NO KM K M 08 08 Le CE w S I 040 :' h K -2 k P) 0 M /. 1 '.N0 h0 Z
i 122 13, e 4. -, --e - e-e3- 3 .t- -. ".! t;.t "-* t . f-;e i. t. 9 2 e

2'-123 137 46 .9 0 38 3 59 12.S 7.3 5.[7i'.e :.Z :.-3.1 ..5 2 S
-- t-+ -4-4 *4 * 4*4 44 53 3 10c.9 2 . Q.cII.C1. 4 2.0 . -5I.! 1 .C 0 ? t. I1 I
5'-1OC 148 42 45 45 34 3 4 7 1!.e 0.E C.C 7 . 1.2 (. -... 5. , ; Z 1 2
et -t-eI--'ti35-.3 49 !e 34 ? 5 1 G ?. 4 -5 .4. t .e .? 2 .1 (.0 -t. s. * . C.

7-90 145 4444 4444 3 !3 11.3 3.t0000 1.5 1C7~ 1 11

9 -82 145 .5 45 5 45 222 7.ct 3 . 0010.2 0.5 0.05.0
1- -te 138 36 S 3e 3e 4 4 . . 5 '.t C.CC 2. 1.0 0.2 -2.c 5.1 -

5 -8.? 135 ,3 4 Y'4 39 1 3 2.9 -. 2 2.6 '.5 27 7.0 -. 7 '.7 .1'?
17 -86 13c 35 35 35 35 t. 4 ; .? 4.1 2.00 e. .4 0.0 -C. (.0 0 - 1
2C -12C 132 40 43 3 32 7 7 8 11 2.1 0.2 .9 z.: :.c -2." '.' c 1

-CE4TrOIc I N SFA SF5 O;T CkTV4 E V0C 111 -S-E A MV 0";4 C .ELL CEtt Lh
TRK AZM RNC AV PK V x L A0 10 A V LELL tSM, P T : I C cI. 2 'v. cQ

46e-oE&-- -'e DO Of C A 901K Of C- F#5 .'i Ss #N-4--*-9----P,6 4-41---- M-5Efr---5-
2 327 161 43 49 1 C.( C.C C 4 21.1-1G.5 2.1 1: C .>C C.0c c

VCL HMMP AREA WFLUR NEA NEIGHEOR ACT 3 4C VELCCITY Cks 0 3CVz

9644---- -- *2 KM -,-1-/-t #4.4 ci; NT sCL CS rC -9+01i-A-#$-S --A---4-4--Qf------C-QE --
2 16C1 1.3 12.19 9.6 C.0 C.0 12 4 3 11.2 2.1 i 2 c C C c0

'5

I.



fribit 4. A( W \Ohlll:( >cd )Lltl)tlt t()l' \i)jk* >t,n ~

SE3k T1M6 t2 It&,62? - le l21 ylt 5C't Dr -1LS.C 10 
1
4
4

.9.')

TRACE REF TI E I5 742 - C 6, 27 Z CA E/C 6L - . .5 (, 2)

NF.. 8, NVmx 34

FIXEO CONTOUR OUTP.'J

CENTROIC AV CELL z N N h SR SpR C .TR A* 0 VELCCITV AI ,' r

TRK AtM RNG IZM RNC AV PK 0 S C A L L t.I xS C, % C L L- '

40-06 K sE&fG uk P4 a 8 C le c c M 1 M 9 mT/ KKM m I/ IM ' A' K %2

2 321 181 322 175 45 ! 1 5 2 C 3. 8 .C 42 .7! C. 7 c _ 7. ,, - C
5 31C 203 310 203 36 41 2 C C C.C 0. O.C
3 332216 3!3 217 37 38 2 C C 0 . C C -. e S .1' 74 .. .. C -

4 533 162 331 161 42 49 8 3 1 5.3 5.' - . 8 * C. ':- ;5 .c C 4 ,,

V:LUME CELL OLTPLT

C E N IRC IC - C T B '!~ AR C EL L S A C AL T11. A~1 N AC ; A ZCS CR K
T29 EST NOR AV PK Lw M I L 0 " EM/S N/M/ 5P4E h (5.R) A.5F 0 VL 5PC T 1 T 9 C r

N 0 K M K M BC ECEC N C FoI L I Z .K ~ C~M o~ K/N' o Km v
f -- 5 14 31 31 !1 '. t e 16.1 C .o C CC 3.5 io. C .0-1 1 1 C --2 C I -
2.-1 19 13Se 4? 51 1I 4C 4 5 '3 1 1.3 2. r, L' 2IZ.5 1 . ; ' 7., Z 6 5 -f
3 -1IC 145 4 4 4 44 44 4 - 2 1.5 C. CZ3 .4 .5 C . 5 5 C i 2 C
5.-101 149 39 41 41 32 '. 5 31.. 1 1 CC 3.7 ".7 C.C 5
6 -83 13? 31 31 ! !1 3 . 3 12 .4 1.1 OCC 1. 1.3 (.C 11; .C Q I c z
7 -3! 148 3a 38 !8 3f 4 4 4 14.2 5.2 CC 12.C 1,4 cC -4.1 .! 1 .
8--100 *Be 36 38 !8 36 5 5 5 . 5 8 0 , C 15. . e- 0 ,. e c . 0 , +
9 -7 3 11.6 42 44 4 40 Q . 16 1.2 2 .. ~ CZ C 3
14 -6C 13r 3? 3? 7 37 4 4 11.5 . C.,C 4.! 1,e C.c - . 1
"5, -71; 134 4 9 ; 4r 

3
l 5 5c . - .. :.1c.

'7. -86 139 43 46 44 38 4 t Q 4.6 1 1 .C
-118 133 42 4 43 4! e9 E -. :

1 57 130 38 141 31 5 5 7 116 ,.,CC2. Ct C.... O 521
22 - 1 1 1 3C 5SC 5 C 5C SC 1- 4 . 11.8 1 ,C I C C 1 7 3 C 4r

2 -98 196 7 3 7 !7 3 7 6 6 11 8 2. 1 ,L C 4.1 C C C '4 0 C
24 71 144 4 5 45 45 4 5 3 3 3 11 8 2 .1 C 7 C .C . 1e 1 E .
25 -151 131 34 36 36 51 5 7 7 11 .8 2.1 . c C .'. 1 . C.C - . 3 . 5 1 1
27 -113 130 37 4C ' 5 3% 5 7 a 11 .8 2.1 ,CC 14 ' 1 4. C .0 - .1 C . 4
3-0 -73-1-31 34 38 8 35 4 e 9 1 .8 1 ,3.C 10 C 1 C .C -5 . ; 71 0 1 4 1 1
32 -78 14C 36 38 36 15 ot 7 8 ll.? I -. z E~ I.? : , -5.E5 ., 1 I 1
33 -59 132 32 3 32 2 5 s5 1'.8 2.1 C.C; 7.1 i. C.c -%.E . 0 C 2 C,

CLUSTER OUTPUT

CENTRCIC 2 N 5 fR %F4 Q 11 Ct, VE L CC. ' SER Ar MM X R CZL L 2
TRA A1M RNG AV PK V x L A AKC IC AV CELL MSK# "T I[ IC AOT. DIV . uL
NC OEC K DO8 CE C go Km EC EP/ ISK.4/ S K ,C tC 0 Sk 1 CS

333 164 4? 44 I CoC C.C c 1 2C.2 1. 1.1
;  

5 C C C.CC C.-C C,

Yft HMM AREA *FLUX NEAR NEIGMEQR ACT kC NC VELOCITY 7 *,. CLS CNT E OVER
SCAN KKM2 KMT/1' CELL CLST CCNT VCL CS FC EM/S KM/S NC CTR UTQ C

3 1607 1.3 13.52 6,C 13.7 C.0 21 5 4 11.C 1.8 i4 3 5 C 0 C C



Table 5. A'DI Volume Scan Output for Volume Scan No. 4

SCAN TIME 122 te15C6 - 162103 VOL SChN 4 of -t,.-t -O (BEG)10. -8 -*--
TRACK REF TIME 1613 3 - 161506 AZP SCAN /C EL - 0.3 To 6.6 (CEG)

NIFN = 9, NVMX = 44

FILED CONTUR OtCPL

CENTROIC AV CELL I N N N SFR SPAC TAREA VELC ITY -NEAR CS * C,

TR, AZN 1ZNG AZI L RN I AV PK v S C x L E FLLX (SCN AV CELL 5I HT IC ID

NO 0.6 KM 08 K CE CE B C C L KIm KPM 7 M2 Of- ) M .M/ N. t-K tM2
5 3l 19 310 202 39 45 2 1 . .3 0. 9.2 C.1 .G1 0. 0 C
t332 212 362 2 3 4 4 1 C C .C C.C C O.Ce C.C2 29? 7 c3.C 5 e 3-
1 326 17C 326 16 4 4 52 18 3 ! 7.518.1 .c5 11. 5 C.C ,5C 13 4.6 11 2 0
2 335 201 335 221 35 35 1 0 C .C. O .C C 5.C C.C2 23i 17 0.. 0 G C

VOLUME CELL OUTPLT

CENTRCIC ° -Z - GT V8AR CELL SPAC .AL (7A%') [CP RAE RAE CS Lk C AR

T2K 4ST NOR 4V PK LW I1 L E 0/S NMIS SPCC 1 ( ) -1 -V-E P TR T. -G - - f
NO K1* KM 08 OLZ Ce CO W h I OLD IC K0, KP' (,SK.) PSK M/!. M/5. NO N'- P F

25 -114 139 8 52 52 47 5 5 8 11.7 2.6 G.CCI9.2 1.; C.0 -7.7 3.S 4 - 3 2 2
3 -109 1347 40 4C 4 4 4 10.5 3. C.CC 2.5 2.3 C.C -3.4 C.9 0 1 1 C
5 -93 152 32 32 2 32 6 4 4 17.5 5.3 .CC 9.2 C.0 C.0-1.9

" 
C.2 0 -I C 0

32 -8C 14C 37 51 51 44 3 3 e 1C.3 3.C 0.CO 5.7 !.C C.C -4.3 3.t 5 1 4 3
7 -57 153 33 36 3 36 4 4% 17.7 9.2 OC.CC12.C C. 0.0-75.e .C 0 1--C 1 0
8 -98 187 39 34 !4 34 5 4 1 .7 -1.8 G.CC 3.6 C.C C.C-13.5 C.C 0 1 C 1 I
9 -71 149 40 43 43 37 4 4 5 1C.0 5 . .CC 2.1 C.C C.0-12.t 1.E 0 41 C 2-- i

15 -75 136 44 48 48 34 5 610 .4 1.? 0.CC 7. 1.9 C.C -5.
, 

2.3 5 1 7 5 1
17 -a3 121 30 32 ! 41 5 6 7 1.3 4.3 C.CC 4.3 C.C C.0-14.1 0.0 5 10 C 2 "
20 -114 135 41 42 42 42 4. 4 4 E.5 3.5 C.CC 3.7 4,.2 C.C -0.5 C.C C 1 1 G

22 -109 137 49 49 49 49 4 5 5 11.6 -2. G.CC 8.9 1.1 C.G -6.3 6.6 1 7 1 2
23 -92 20C 35 35 3 5 35 6 t 6 1 3. 5 6.5 0 . CC 5.5 C .C C.0-14.5 O.C 0 3 C 1I
24 -63.$-44 41 41 41 41 3 3 3 16.1 0.3 O.CC 4.C 1 .9- C . G-1I-r,-G-0-- -4 -1- ,- 2

25 -149 131 42 45 4 5 33 7 11.0 C.? C.CC 9.9 1.0 C.o -8.7 3.2 6 5 2 2 "
27 -109 133 47 49 4,6 49 5 7 7 1(.2 5.2 O.AC 2.e 2.S C.G -*wt z. 4 7 4 -C, -

30 -69 135 39 39 39 32 7 4 4 11.5 6.5 C.CC 4.1 2.0 C.G -5.9 1.4 0 -1 2 0 2
32 -70 142 39 39 3 9 39 3 3 3 13.7 3.0 0.C0O 2.7 Z.5 (-.0 -0.3 Z.S O --4 .i G

33 -57 132 33 33 3! 33 6 t 6 6.7 2.2 C.CC 2.7 .!.8 C.0 -7.4 C.C 0 C 1 C
34-+TE -- 3+ 34-, -.'* - 3 3-5t 7--Z- 1aa-0.r - r V .I " ?.! 8 5 A 2 1
35 -113 129 39 39 9 3. 4 4 4 11.0 1.8 1.C1 3.6 C.C C.0-15.1 C.C 0 1 C 1 1
36 -101 147 ,47 47 47 47 4 4 41t.0 1.8 0.00 3.4 2.7 C-.0 -6.4 OeG -a- 4 -E--4 1

37 - 7 141 34 34 3 34 4 4 11.C 1.3 .CC 6.5 2.5 C.C -*.! 2.- C 3 3 0 1
38 -157 12 4 32 32 !.2 32 7 7 11.0 1.603.CO 6.3 C.C C.0-4.* G6C 0.0 C t--l

40-I08 132 46 50 5C 36 5 610 11.0 1.8 O.C9 9.4 1.9 C.0 -6.3 4.t 7 1 2 4 1

* 31 -4 137 42 S -5 3! 7 Oi. 11.0 1.6 ,.C0 9.9 C.C C D --- C --
44 -65 132 36 39 39 32 7 7 8 11.0 1.8 C.CC 6.4 i.1 C.0 -4.E 5.4 0 1 4 2 1

CLUSTER OUTPUT

VOV -M1M A .... N-SPR SIG CRT CCT OLOC ITE-SItE- Y TR E k k E tTRK A ZP RNG AV PK V x L AG 10 AV CELL MSKP HT IC IC AC]T. DIV. RD

C 0N 6 KPM D e/ C KOL %M DE VCL pC EM/S NM/S EM N"e *U-- -- 09 *C
4, 321 17e 47 52 -! C.9 2.5 2 I 1 11.7 -1.4 1.E 11 C C C.CC C.CC 2
5 30 161 45 -51 3 C.2 4.1 3C4 1 ';.2 5.5 2.3 10 C C -6.4~i 4.79 36 311 195 42 45 1 C.C C.0 C 5 6.3 -C.1 1.t 7 C C C.CC C.Cc C
7 321 172 47 SO Z C.C C.C C 1 ;.C 7.2 2.-7 10 C : C. C C.CC C

VOL -Po' A'REA wFtUw Neat NEIGeE R ACT NO hO0 VELOCITY YAK CLS CtkT IC- f 't -
SCAN KKN2 KMT/P CELL CLST CONT VOL CS FC Etlis N, IIS NO CTR CTR C

4- t i 3 145 15.7 5 ' C C e. Z6 4 -t-11 fj 44- ? r e e e



-V C :cl- cc CC c-
Zc-r I-cc c~cc-c- CCc vI --

-Ic

- .1-cc c -i- ccC cC c
- - ~ ---- .1l Ccc CC -- Ic c-cC cc,~ [l

U-- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .11 In,-cc -- -- IIr C ci cc
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Ilefici'. the datai ate cilipa i'ed, it is necessa iv to discuiss the differences in

+hci algoi iitimis pr-ocessing schemes. >ince \\ L--ATRIK t r~icks th ic- dimiensional

-4tIlm cells, thait Li1- ic atge 1telLitic to the volume cells tr-ackedc by AC)T, the

cent ioid pos it ion of the stoio cell will be diffeirent fromt thatf of thre contour- region

goiven b\ AC'I)T.

ilihe centiraid locaitionis of the vAI Itos ACt) CJ OMlOL11 VI' le OOS , nd \ A

stoi'.. i cells ati p''jlotted in I-ig ores I, 2, :3, :1 nd 4. .'ltliOUgl tire CUtit reid locations

of the \\ EATI11K s to cal Cells and the .\('lT contOL11 r regions -w e de ried diffei'entlv

thiey both reupitesent thic-dimensional -efILecti'i tv - weighlted en2titieS, aind L ihai-d

to locate il t wii- dienis iinn single ele Lit ion angle plots. In vie wing these figuares

it miust be noted t ciit the contouited daita field is sl ightly smoothed by the cooird inLitc

conve i-sion i nd plotting toot ines.

T~ible, 6 reve.i Is thalt thil iiaximal aii rflect ivity vvaues repor-ted by \VEAT HK

Li- is5lightlY highier, than those fitoni A ('I )T. [rhis is due toi the tw lange gii te ayve iging

pertfotrmed by the AC T.

ill lnii.Xitli am echo heights r-epor-ted bY thie AC T Lire gene r-il close to those

ZeCpOttud by- \\ EATIHE. T1'here a ic, hi weve i, sonie differences of' more than

1. 5 kmi (thait is, contour, region No. I zit 1555, contouri r legion No. 5 sit 1608). Th iesec

m iighit he expLsimied b.\ the :\C' UT finding ai 3 -cI peak in the next highev r levaition

It lii atl sii se ntli~it does not exceed the W1-LA 1'1?AK ciriteilion (if relci iLiboy c

th i'esliild in 14 coiitigiOioS Iinge gites.

Tiit % -i'iiet\ differPiice betwieei tlie .\(DI cinttur, t' igiiln k-nt r-oids aind the

\\ AT 11K stoiii cell centmrids shows ai hiils of - 1 I. 8! fiii - 1. toil see. Ihis'e1r

I cpa l' inn' the, cenit oid positioning cc ioz- for this iltfit is ±1. 5 kni.

The lilt effect iif these ciffe rices is negligible :is hoth thi' ,antou i legions Lin

tie stol-em cells pl-opiJgat(' in appvioxitiiitely\ t hc sime dit 'ction. I-Ago cc 5 is the

iiontoiii plot fiir' the fitst volumie scilli of' this czlsi' stuck , with thle centiroid loc ationls

iif thle At I )' COntoo ' reCgions Linrd \N lCATR1K stoia eellIs for, Al foour volumie scans

laibeled. It is inte ii sting to note the zi jijai ent l'e'er-sa I in the niotion oif ksontodi r

l-egion I it 16 I5. Thiis is obviOa~Slv\ cIle to the nlecg ing of contoLa r regions I a ncl 2.

-. 1. 2 SlIATIAL, COil ILAT IONS

F o rthel ZmA alSis of the A( UT Oatpat teceails that ain iyetrage 521, of all voIlonie

cells iite detected it onl c onc eight . ( )ut of thev nine volumne cells Cra ked over l

footl' voIlMoie scains * only voIl1 an cell 2 w-,i s deteteid at ni r then one height Lit lI

Somic of these "sinigli height'' volumie cells aippear to be iorienited in such Li W l

i.s to suggest tltiit they miih be \c ticalc corrvelated with neiglibov ing '"single heighit

irlls (for, exainli' cells !. aind 15 Lit 1601. 6 and 17 it 1608). This might impl\ weit

licev veas-on to idiiibt the' %-ilidit\ of' the ver-tical coirel~ition function usid in the

20



algorithm. The following comments from Gustafson Lind Crane, page *concur

with this reasoning: "Relaxation of the height separation criteria of the association
logic to accommodate large elevation steps could cause invalid associations such
as that of an immature cell at a mid -level with the cirrus Overhang from a flea rbY
mature sto rm. C learlY a trade-off is required; thus, the weight of the height

component of thle associ ation function is defined such that a separation of between

2. 5 and 3. 0 kml will make an aassociat ion difficul~t (that is, require close igvure -

nient between the Other com11ponents), ind a Separaionl g 'iatel' + ilin :3 kml will

cause the aissociation to be reCjeCted.

CONTOURS OF OBZ
165. .......... ........... ...... ............................

0"-22

LIEV- 0.4>

76C

M !35 A

125. . . . . . . . . .. . . . ..

-HO. -130. -120. -110. -100. -90. -80. -70. -60. -50.

DIST (kn E OF RADAR

iigk(ii . I A(IUT ('01toim' [legionl (ilniibt'red) uod \% LATH[\l
' tlll CeIl (lettered) ('tntro(id I .caltions for \ oluhmw rn
I - '. Alofior is from left to right, location ima ked .. I"' 'is
ont roid location (If ' igiul contolur regions I & 2 in

TlU heLiti \%1'r e lleeted at 0. T e levaitio 101nglv stt-ps; thus bIv uising tli' 4 3
ea i*I'I bcmt111 refra'ctionl cori'lectioli \ke finid the height difflrerec btx\-l tll L"tioli

angl !es is 2. 5km in t rangel of 15'0 kill aind .. 0 kinl it 230 ki.

Another faictut thait iav. bt clontributing to the vertica correlaition problem) is

that the height Illpllfiatiuns flu' sonic' IlAtties aippta to he \k rung . Althloughl most

If tHie hei.ghtfs a re enrcc Iletlitin flte resolution of the algulithm l1 kill), there aire

;I fe'W la'ISS MWi (I tiit 1ight g ien lI I' a1 VOltIIl)e C'ell i5 inl t' r W' cel i wen t ('(ll-

cA&'t to thet ne~irest kilomiefer. Table 7 illustrates this discrepaincy.

In stkidly lg tilt tIllstvv llutplot fl'this caIse it is ippal)11 tlt that 83 I, of the'
clusters Ir rio tt correlaited inl timie, aind no single cluster- is tracked throughout
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Table 7. Comparison of lieight Estimoates of Soleeted \ ul une Cls I- runt

ACDT and 4/3 Earth Correct ion for thte lo (WeSt T AO ElUvItIo(n Angle(- (a)

Cell No. Volumne Scan No. Ha ingc A( Wri 4 :1 E. rthl 4, 3 EZr

1 !4 15 6. 9

9 1 iL 4 :l.5. 6

9 2 11 2t 5. 6

Figure 6 is a plot of the positions and tI talectorieS of the( vol lime1 cells ill

contour No. 1 sta rting with volunw scan No. 1. These \olumle el(-l trIX ks Al look

plausible, although it is interesting to note the movenent of volanic cell 16 a mound

17 and the almost complete reve rsal of direct ion of cell 15.

S150-

0

a: [45 -
r ~~~9 ~. . 0LUME CELL CENTRO 0 LOCATIONS

E .' SIGNIFICANT CELL CENTROID LOCATIONS

A SINGLE HEIGHT VOLUME CELL CENTROID

wJ 140 *6 LOCATIONS

1317

-95 -90 -85 -80 -75 -7 -6 -0
DISTANCE (kmn) EAST OF RADAR

ligu 1-c 6. AC DT. \ l) lime Cjell ('(-ill rid 1 I.IectoVW 10sto
Contour Region No. 1. l-ot . olumlt2 can 1-4

Figure 7 is a plot of the \e rti cal extent of' se lectel volumle cell:, throughoutm

the Period of interest. This diagram illustrates the rapid structural chaniles inl

.several volume cells. C ells 6 and 17 seem to alternately lose and gain thei r sIV -

nificance in volume scans 2 through 4. C'ells 7 and 9 behave erraticallyi betwecin

volume scans 1 and 2, goinig from a multi -heivrht entity to a sinele height entity at

2.'



a lower elevation. Volume cell No. 5 is an example of a short lived significant
cell, one which does not decay the way one might expect, that is, with reflectivity
gradually lowering in time. The behavior of volume cell 20 on the other hand
might be indicative of a decaying cell. Volume cell numbers 1. 3, 8 are examples
a)f single height cells that are tracked over several volume scans. Volume cell
No. 2 is an example of a relatively long lived significant cell. Volume cell 15
could be an example of a growing storm cell.

12r

LHU

X 3 8 2 1 2-0

ligi ure 7. \ olume C-ell \ ertica It. xtent for V olume Scans 1-4.
(signiies significant celia, NID - olum n CelI not defined)

4. 1. > I.:M Ii)ll.\ I t'()u: 1:.;I l I'I(N .

)ne check o)f the reli abi lityv l" a t racking/ alg~orithm is the examination of the
latitO)r, the' nea rest ne i ghbor Ii stance hetwe n cells and the distance each ceilj
rave.ls between ohier'vat ion times. This ratio should be greater than I to have
any meaningful sit'nificanie . Another parameter to consider is the ratio of the
nearest neig/hbor distance and the average cell djiameter te give another indication [
if possible 'eli 'we rlap. These ratios were computed for all the nearest neighbor

volume cells within a contour region. I
Table 8 contains o listing of these ratios for all the nearest neighbor cells that

had a lifetime or mo)re than two volume scans ( 12 main).2 [r



I :lhi 8t. (,)nitiorl )1 \ olumfc cII Oorlap Hatins4,
!or N(.arst Nieil 21or ('k-i.

lim, Contour ('ell Group ltst d/2r

1601 2 1-2 1. 5 2, 2
2 2-20 1. 2 1. 5
2 *3 -5 1. 2 1.2
1 7 - 9 2. 1 2.2

4 6-15 1.7 1.7

1608 1 *7 -9 0.3 0.4
1 *6-17 1. 1 1.9
1 6. 15 2.2 2.4
2 *3-5 2. 0 2.5
2 * 1-20 2. 1 3.7

1615 1 *2-20 2. 2 1.3
1 *6-17 0.9 1.3
1 *330-32 1.4 0. 1
1 15-32 1.9 3.1
1 24-30 2.0 4.8
1 *22-27 0.9 1.4
1 9-32 1. 6 4. 1
1 *7 -9 1. 1 1.9
1 3-22 2.8 3. 2

d- 1.4 - 1.9

('ell Vroups ,-re counted twice in o)verall average (that is,
is, cell N. 2 is the nearest neighbor to cell No. 20
and vice versa)

The following variables are used to compute these ratios:

d Nearest neighbor separation distance (kin),

s Average cell speed over the volume scan (km/s),

I Volume scan time (s),

r Average cell radius (km).

The overall average for the nearest neighbor distance over the distance each cell
d

travels between observation times (-1) is 1.4, the overall average for the ratio of
st d

nearest neighbor distance to cell diameter (dr) is 1.9. The error in determining

cell position due to the radar beam width is ± 1. 5 km at a range of 175 kin. This
d d

positioning error results in an uncertainty of ± 3. 0 in L and ± 1. 8 Considering
st 7

these uncertainties, it is obvious that the above ratios are not large enough to

demonstrate that the algorithm can distinguish between adjacent volume cells in

subsequent volume scans.
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4. 2 Case Stud% No. 2

The second case studv consists of four- volume scans. recorded from 1534-1557

CST on 10 A pril 1979. T[he thunde rstorm observed at this time extended in a corn-

Ie x hand from the northeast to southwest of' the radar. Figure 8 is a contour plot

)f :1 s;n~al se'ctin of this baind. 'I fit closest identifiable 30 -dB17 contour was at a

rTinge of' 20 kir

CONTOURS OF OBZ
105.

95.

e5. -C C)

zi 75.

65.

00

25. .. .. .. ... .

-05. -75. -65. -55. -15. -35. -25. -15. -5. 5. 15. 25. 35.
OlS' e." I O RADAR

10,11(. lbltviv t' utltour. IPlot for \ olunw Scan IteoinninO'
:it 15:it

A ()I'1 o the Atl)lI output (Appe~ndix A) can been seen in 'I able 14. '[h1)e

Ii -lt numnb. - of , )nt)ur.s and volume ,(elts in 'Iahble 6 con firms th-cournpie x nature

t0'ire( 511: ssteil on this day. 'Ihfe nuntbrcvof fixed contour regLions for the timie

rw'rTol oW nt 'r' st niever lr'ops below :'3, vet only three of these are correlate d

bt.rtn ,ft ii f our volumre .scan--- On the, ave rage 77o rof all contour reglions are

11o'tI o)i'i CIrrrlirt r ,

The noin:her of volumne , e us de te eto Ifor each volumie scan is also ye rv larg1e.

It was- found IThrt 'in ave rage 49i'. )f all volume cc [Is were uncorr( lated in time and

551 were uncorrelatf ( erti c-Alv ( that is, detected at univ one height). Ih e rec

were 21 volume celLs that were followed for the entire time, vet only four of these

(numbers 42, 53, 126, 13 1) hall vertical continuitv at all times. Considering this

it is nuot surrprisingL that 561, of' the clusters in this case showed no temporal c'on -

inuitv. This case was con ag~ain with :35 (1137 as a threshold; the effec't of which was
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tti ueitibt ,,t uiti coll that ,A k. ile Irteid II in he. IIIo eoulipjtrsoO., %vw

th it I. I' LK .1g, withiii I-UI .It h Wi 35 i-dI ii t IoershI olI ( o% ,v th Ini dmta. it

cietccted 12 stori ce
1 .s al t.,d 8 of tlit5s, tlltilihlut Ili- tillet pte nod. It

!:iu,-t be notcki, tiit \ LA 1111K .IIIv tit -h U ihote-s foi .,.' ii i dutci inines to) hi

tin( 12*_ nlsh sigllic~ilnt Shin. Its.

It l ti )n l. A( I) Ii ,aleatr ti ii, h %( it 1! 111ie Iti -W I itrli a I , IS kiiI" ! s -

! iIIT , i n11 IIThis case . Iheire are 410 sloi ifilii -- Hls iln111iji, I Av1l !(

f .I int er ve, %(. onky me 0' thes, (Omitli 1263i i - -t i . iiall Wour volutta:1

I ali.e t .S , ivnops If I I A I )] A I or I i IIin l ) tut ii o I I -i A .1 1 SI
oil 10 Apti I Ill-

2 3 4 2 4 1 .1: 1 21

4 -l 2 1 5

5 St N1NIARI V\NI (.(J%(I.I SIONtS

hI i (Ii liliavis :1 -; tn th lar i , I- Ii )o~ c 3 '11), i-, h ii'

h, Io, I it I I he i Il- h e Ii t i hldit ! I I rii ii lat :i

lour lha sets: i0 has l 1', 1) 1'( niVe to VWIll Lie
t

)( ru t' tisl-ili I tI nunI

o it IeI s-a i-te, at ti I e kI it l ULre atI(- r v I Vt i-,al I'5( t o i V ) I) a )e in I Ii Ir Iv

iitiI -( itaiI voILume ells. sioule hel 14tit eel. t is i i-iureItted siuieii L, ills(Ictt k

are due tio iriadeqiuate temijor-A I ;-ini xiliune scean repeat tinme) and/ort iniilequalte

vertical iresoliution (as iuetIias 2. 83 kml at ranges of 2:30 kit.

11. Craine, HI. K. ( 19)76) liar le tcetionl if A huolerstorml Ilayarls tor A-ir [raiffle
Control, \Vol. I Storoil I leteetion. Pruoject Rleport Ill I.o.
NITFrlificuolii Iahoratorv. Iei~oi Alsa-ists A-lIM-713-52;
AD) A0327 32.
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_ re Isu stiilte have uni ht~ .ri ionrirred A. ith 1ot ULIit ItOI 15U kin a te

and I a rdv U. S UstfSu III rit It tt U~~ In It Iof It e ru. , ng p I sihbt

areas of ailgorjithi breaikdoari.

A~n aver-aIe 5V~ 'f the I"u. 11 teo' b% 1try toe A Il are tAi(ti

'iti ar)tiet'% olirt , , e I I I,! 'i I. r:. tn , i.rn. Yo a i', , th. -o i t 0 t- t t 1 1

rra kel sonic so lw irgmt Iki!- t-11- he i-ntl.- il lie ,' ans o ase

s;tudy No). 1 (that .' ,lk in (i).

hep assortatton it tolui.4 [ j , 'rI luratule 1rtIttial '<etIthat Is, '4 kmi

in one volume scan to th--si of littlIc voertia I xte nt (t hat I s, to kin n Ithe tiext

volume sean (that i. 6, 17, (.5 in I i,-out T auses its to que~stion *he aliilitv of

'he algorithm to verticallv ,orrelate !ht-l staks an I t-, alequatelv track these

%volamet cetlIs.

t he ratio ofth 1w eares;"t iihhor dista, toi the dlistanc! an ivcraL!e volume

'eli travels between observation titmes is- shown to be snmall vvheri oruiparel to t~lu-

relative error in deter-inini! the volume ,ell positions. 'his m~ighut explain the

lifficulties that the ACDIT tad with cell t rae king.

The tat that ALl) I1 sometimles uleterted highier stortu rell peaks is not thought

to he a s igni fi rant ad% arutajge over \k EXAT la as these hitglue r peaks are small (Ltess

titani 14 rangeu gates I i n hori 7oti Ixtent

('ra ue found the aver-ar! Ii' ti oe for a s iLgnificrnt -elI to be approximatelv

:30 Mnrutes. k\L' tound the vi-g sii~rufirait cell to have a lifetime close to

t0 mlinutes.

k. rane ai liar, AV state that1 hI-d nril cltusters 11ay Iue the most unipin-

'ant leature tit- arualv~ing i-trn striit-tnie. lIn our- analysis 69" of the r lusters

were unrorrelated in tile. t2eti rue thait they may niot he quite as imnportant here.

T his is -ihviousiv It moohut of 'h(e iiitj f"h (i, hals with the eletetits

ait hin thle 'lu1sters * mnme lii v urt e ell

-i nat lv, Ai fe-% r merloni the -eow eitselIf. It was found that Ie stui)-

rouitines: for the A( II -. ontaint suibstantial Amonunt -1f residual developmretntal

'Ole. the suluroutinfs iriot toohilat', h-ore it is diffictult to ma1:ke rlhanLges to

Ihe processingL s,-heme %a ithurt dteritug the cole in several subroutines. The,

algorithmi rurrentlv runis at unpproxinuatelv Iwo titmes real time for- the sim pie ease"

and three tinit 25 real timec for- the ni mre comtplex case. Ilfoweve r, if this alIgo rithnm

were to be used operationailY, Lin entirely tie%% softwarec package would be needed;

preferablv Li modula'r onle designed for speed and efficienev.

12. Gustafson, G. 13. H1982) 'e rson il commnilcation.
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It is apparent that more work must be done to determine what radar data pro-

Sessing methods would vield the best results for a given meteorological scale.

WEATHI tracks the large scale features of a storm complex, while ACDT tracks

much smaller entities to presumably yield a description of' the internal structure

i)' a storm complex. The ACI)T was initially developed to process up to 512 volume

,.ells at one time. It is obvious that processing this amount of data is not possible

in a real-time envi ronmnitt. To rectify this problem. Crane 3 recommends that the

subroutines for cell detection and tracking he maintained while the number of cells

he reduced by increasing the reflectivitv threshold and by incorporating the

tangential shear information in the de,-ision process for savina the most important

12 to 16 cells. It would he more consistent with algorithm development to specifv

larger peak sie, since raising the threshold level would tend to eliminate growing

volume cells.

Since it may well he utseful to identifv elements within storms, su-h as sig-

nificant tnells. one mi ght consider in algorithm with resolution capabilities between

the two alg2orithms discussed Ierein. 1(,rhaps if AUI)T were modified to track

6 to 10 d137 peaks, or WI.2ATfK were modified to operate with several thresholds,

storm structure would he more readily apparent. If the reflectivitv peak proces-

sing method were to he explored further it would be prudent to write an algorithm

in which the peak si7e would be an input variable. This would enable the researcher

10 Specifv a peak siwe (feature si7e) that was consistent with the spatial and

temporal resolution of the data set. This type of algorithm could be run repeatedly

,)ver tH" same data altering the peak site to first, observe the large scale features

)f the storm, then to detect and track the feature of interest, and lastly to deter-

mine when the algorithm breaks down (that is, no longer can correlate its derived

teatures).

In reviewing our case studies one can see that it might be necessary to either

tine tune the ACIDT contour region threshold for each case study, or specify a

permissible reflectivitv range around the threshold. This would eliminate extraneous

contour regions, and eliminate insignificant merges and splits of contour regions

due to small fluctuations of the reflectivitv field.

The Automatic Cell Detection and Tracking algorithm (ACI)T) developed by

Crane 1, 2, 3.4 has been evaluated by carefully examining two case studies taken

rrom the 1979 .D)P program. The output products from the ACDT were compared

to raw data and to the products from the AFG I, storm tracking algorithm WEATRK.

kAe found that the ACDT performs unsatisfactorily when constrained to a 5 to 6 min

%olume scan repeat time, and when it is required to perform out to a range of

230 ki. Therefore, we do not recommend its inclusion in the NEXRAD system at

this time.
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Appendix A

ACDT Algorithm Output
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'lable Al. A('I)'' Volume S'an Output for Volume Scan No. 1, Case Study No, 2

F ;FF T; 11!,4. - 1 S.;? nC'CC 11/C EL * c.4 11.r T 1 ,C)

T .A F.J 2
v  

El - v " 'C L R FLL X V V CELL rIST MT Ic IL
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I :tbIAC A 1. A~l £1 V auIIn Scantf Ourt tu \'0 lUtm e Scan No. 1,* Case Studs' No. 2
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'lable A I. AClIT Volume Scan Output for VoLume Scan No. 1, Case Study No. 2
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!,&[e A I . A( i . A ()luttt !or \ hiii' Scan No. 1, a,t, Sulv No,. 2
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1,72 1o5 3'433 C -2. 1.1 223 ,2 1
123~ ~ i I- T7 1 , 2 3 ] : . Z 3-, -. . 5 3 : 8 9 q 1 '. I

1F 51 ', 1 5 4 21 it 2 5 1

S3 , , . 1 1 1 11.! L.1 7. , L L. 1 , 1 1 22 2_ 7 1
1 Z 33 37 Q 4 1 .4 . 7 11 1 

. 
i .C 2.7 C.7 22 1 1 3 1

11 . . 1? 1d 2I 19 2 A 1
1l,. 3..? I 3! 1 ''' 1 , ? "1. . . " 1 1.1 C.0 -C. 4 0.

o
7 0, [1 ,1

129 ' ' 1 313 £ 1 'l~i . . ~t 2- 27 -1.5 12 C £ (2 11 3 12 7 3 . 1 ' '.0 -,.1 1.1 1C C8 C 1

. III, -- - 1 1 r r 1

I 11 7 7 c 7 4 72 ; c3- 5 7 4 3 8 7 £ 
1 

r": 7"( 2 C 1 • 3 5 l 8 1 1 1-

13'.. 32 " 4 2 .4 1 L 7 1 1 1 F . 2.7 20 26 2 6 1
1 31 S1c .1 3, 1 - 4." CC . C. 21 2 3 1 1

'3= 37 5 2 3 1t.5 0.5 2C 26 0 1 1
13' 2. 3 ; 7 1 1 1.1 C.4 C 'C 1 1 1

1 3 7, .8 3 7 .1 1.2 C.3 2 4 19 0 2 1

1 13 3 5 37 11 .1 3 1 5 5 1 8 2 2 1

1'.1 1 , 42 . . 1 1. '.1 . .1 '.2 -. 2. 0 82 2 1
1,2 .3 5 4 !.- .1 C. C 1.q 1.4 .C 4 7 C. 22 1; C 1 I
1 431 ZI, C .5 C . 23 1 9 C 1 1
144 15 73 3 3 '-'1.- C 1 C[-3.5 C.C 14 38 0 1 1
1 , _. 1 C 1 1 . 1 C . 7 2 1 2 8 a 2 1
!. " 1 C 5 1 ' 7 775. . ,' . e C C 5 .7 1. 7 C 19 2 1 1

1 1 7 1 2 1 C 1C. 2 1  1  1 5.'1.2 0 C 1[ 4 F 3 Z 3 EE ? 1.8 2.1 Z.CC 2.E . 0. c C. C.C 0 0 1 1

'F.

3.2

P



Table AI ACIYT Volume Scan Output for, Volume Scan No. 1. Case Study No. 2
(Contd)

CLUSTER -TPI _ T

r FN R n h4F C N :~L'C 1 Y SIFEAP. Ll xR SCF C F i~ I trII t
7RK CM RNGv~ AV PK Y Av :'LL P3i(.K" - 'C 1[RET. DI'.. RC

1 ec 125 39 .3. 1 .2 3.t 1C 0.2 C. . C.7? C C (.00 ^,.CC
S77 1 21 3,4 17 _r,~ A ~ I r - -,2 C.2

3 29" 03 33 3t . 2.. 3. 47 1; ;.C C.: C.E 4 C C C.Co O.CC
4. 293 Q 7 ? 42 -&1- .. 3C_ 21. I . 1.C 2 r C C.00 3.22 C
5 3C3 t2 37 1.1 2 5 54 14 C., C. 1 Z C , C.0 0 . C C

6 31 1 2~ 14 Lc -,-r-- 4~ 1 r C r.0 G 0. CC
7 315 40 (9 '1 2.4 1. C 2 2.2 C .23.3 1 C C C C C.CC C

; 3185 3 53 Z C C 2.2 C . - .. zC 0. 0.22 C
IG 32C t6 347 2 C. - -.C .C 1.q 5 C .00 0.0CC
11 33 e 5 43 5 2.C . C C C C.C0 C.CC C
1 2 ;.6. C I_ .. , , L _ .0 C

13 356 51 33 3 .: I. ,. 32 1. C.- C.0 3 C C C.CO 0.CC C

15 4 75325 C . C 4.2 C C C.CC C.CC C

16 E 43 1.2- 3. 47'.4 s 5 -3 C C . 2Z.7 7 C C CCC O.(C C
17 12 57 4 : - . .. 1 1 3 C r. C 1.9 4 C C C.CO G.CO C
1$ 52 103 32 3 2 . . '-. F .. (.4 2 C : C.CC 0.CC C
1q 127 15 34 -7 2 .' C C 2. C C C . C O 0.CC C
22 32t 33 4C 47 1 .q 4 31'4 2c 3. . C 1.6 7 C C C.CO 0.CC C
21 321 4'3' .1.1 5 2 t C .9 C (.20 0.2 C
22 335 e3 39 4 Z .. C .. C 11 .C C. 1.3 7 , C C.00 O.CC C
23 3 4 : 4 41 45 Z 2.C 2.2 1 .2 C.2 1.2 5 C C C.Cc O.CC C
2. 347 5 323. CZ . C Q C-C 1 1 .2 5 C C C.C3 OCC C

VOL HH" AEA kpLLX %AF *.6I-A "CT NC NC VELCCITY TFK CLS CNT C 'OVER
SCA% 9KM2 KMT/H CELL CLST C%.T VCL CS FC EM/I NP/S KC CTI CTR C

1 1534 5.C 27.23 _.C I .t .. C 143 25 13 11.E 2. 1 14E 24 39 C 0 C C C 0

-- J I



Iable A2. A('I )'I \olume Scan Output tor Voltip Sare N,,. 2, ( as(.Stul vN'. 2

____ A, T57 1 L ? - 71-1 Tr 7[,
TRACK E F T. I22 F 1.. E~4 / L - C* .^ C t .5 ( C C

T RK A2 RN', A ZY PN v .V V P K v L p FLL' .L, A-LL D IST mT [
NT F-' KM rFF &L.. L -. L- P9 - K 7 KM KM . ,

.1CCIGO 0 1Cr 1353] 2:C:.C _.C .C5 7.1 217 1 C.C C C C
1 4 L1 4 '1€'l 71 2? 1 19 4.7 4 C r

1. 101 31 159 3C3? . .1V4 9 9 C. 1 CC
. .1 4 -. . -ii4- , - r- 1 s 9 99; L 1 r

I t 236 194 2351. 4 5 1.. 5 C. C.C 7 C C

44241 22-2 5 1 . iC ;9 9
9

C.C rC

1 233 2 , 232 219 4 4 7 -- 4 S .7 249 14, C- 9 £ r

45 242 226 2'2 2Z7 37 3 I - 4C C ; . ( Q C C 6 C C
-4_24AA-Z1. Z!Z 14..7 11 21 1 -- z S 994 C f C r
47 252 15; 251 15 ' 2 I 4 . . 9 . I; C C 4 C C

2.5-d 1 1 14,t !Z 2Z I L.- 99 7.r 2 C
49 274 712 7 1U 1 .; c . 32 C
21 2 h 9 1 CA 2 7 7 -1 2 .1 6 I C
5C 2,1 q22 72 2 c7 , .9 q4 . ; C C

1 Q ! 1 L~ i59 995 1 r ci~ i~
52 286 ;2 23 t i 3. 25 14 CC 1 ! C

_- . Za _ZL1 7,7 j I- ] I .. 1 [,- .rir. l ," 9?} C.C I r C
26 312 2 t 12 z T h1 L c I '22 17 C.C C C C

3 292 ' 2 299 1 15 1 9 6 1: t.2 2 2,, C
54 3C3 76 3 14 272 15 C.C 1 C C

i 5v_-1_ lj " I 1 . _ 9 09 L . 1 E_
1 6 3 , 1 6 7 3 4 3 1' " 1 . £ 5 1 7 .I. 1 1 . t 7 ' 1 7. c 1 3 4
1 E 1 a-3 i 1 Z1 i L F. F~f I ?f T_ f_ r C I ll 14

58 35 .2 5 3 C 5 c € 42.C C C C
S , 1 , 3 . 1 1 . " 2 1 6 . _ " 7 3 4

34 321 tI3 2 t, ' 1 0 " 1...,:1 . 4 C.t' 2..6 1 4 .1 7 1r C
e, O3.;3 IL3 z ',2 1 _L iL c' ;q 94 r 2 r r
19 339 53 337' 5', he . . S .CI 0.CC 177 d .. C 5C C

3 3. 8 5 3 1 3 .. rC " 17 7 C 1'

62 33 9 3. 95 35 7 C C. .2-8 ; 99, C.C 1 C C
A9 Q 2 4 12 7 4'. 1 1 l i'' 1 V'l C , 2r;r 7 14 -2 , . -, 1

6 4 4 8 11! 49 11 3 234 1 C C CC .C .. 1 q 9 9 Q .C 3 C C
-55I L .5 1,1142_ I CI Z. Lff i ;9 995 27 2 r "

66 52 122 5 2 122 3 1 ! 2 17 1 2 C 3.7C1 q4 99q C .C 7 C C
A 7S71 A 1 12A 4- -Z C. r 7 P-C q q 994; 7 -C R rC C
1C 59 121 6C 121 !5 35 1 0 C C.C C.C C C.C7 C.C2 327 4 C.C 2 C C

I.



I ~ I I

- ~ '.- 44a

-. .7

7 7 7 1 -

3 . 3 2 1 2L t

7~~~ 1' 1

2 1 4; 5' 2 1~~

1, 1 54 13 3 ! I' ! 1 '2 - '- '--

__I a 3.4 ? 3 4 7 31' l . 4 2
3 _3 _7 3' 34 U c c ~ 7

1: 3 C13 c4. 74 
3 

l 5 32 7
1I 32C 304 ~ 76 17 7 '4 '

10 3 34 34644C ' 1 - ' 7 ~ 2 '2
178 39 7 4 4C 4 Z3 1 1 7~ 3. 5 3 1 t8 5

1 49 3427 3 23 23 4 14 2 1 1 1

11C8 33 Q 4 3 73731. 371 1111 4.4'C 1 5

1 11 35 1 t 31 3 13113 1 *0 1'' 1 ,1
112 1 477 3 3 777 1 1 11 Z6 5 bC l 1  C 2j

1 13 E 8 04 4 '4 4'. 1 1 217 -3 6. 5CC 7 e o

3 8



S7 2 -2.8 7 16 3 112
I Z 3 2.2 C 9.t 10 63 4 4 1

___ --_ ___*-. 12.62.5 25 .4 1 2 2
1 1~'' 7 C C 4 4 5 34 43 2

3, ,--C 1 6 8 3 22 56 3 3 2

r 1 4. 12 68 5 2 2
7 1 C a 9 0 e 0'C1 C2

.C -2 4 2. 7 -0 ~3 1 1 21 C 1 63 1 C 2

3 . 3, C? 4. 9] 5= "5 "3 4 ' . - - ., : . . . I, 8 7 1

-2 ____ ' I 2. S 16 t, 2 1 2
3 4 7 1 2 9-2 C 3

3 . .8 2 . 2 2 2

8 5.7 1~ 534

. 2 c tc c 3 . 1

_ i = i i l ii A . . ~iL I. 7. 4- , 12 5 3 r 2

5 C- 1 C 2.
l--_g3 -- 1, i. Z ,IZ i C. '- . Z 2 3 2

.4 2. 1 2

4 1 4 . 1 1 1
1 2 I e, s 3 - I - 16 C 1.

S
7 9 C 1 . -7 4 1

2, . .3 1 I I

13? 25 ,, .': 32 2 ; -111..Z 1 . .. ... .. .. -4"8011.." r -C t [ C , /1 7 ii~

159 291 11. 3. 1 3 1 2 . 1 1.' .2 J 2 1
1 , n 2 72 92 -~'ik. I ?I 0 i r.J.rL. r rC r r.J

16t1 273 ;5 34. 3. ' 2 1 " 1 .. z ^ I C . 1.C 1.2 . 23 33
1t? 272 99 12 1 1 1 11 . 1 1 7 r r r r 1? - ;,i n
183 276 7e 3 1 '2 71 T1 1 1 4 I 1.2 0 1.5 3.1 C It9, C 3 1

1 5 22: 7' 3 1'1 31 1 I I Z 1 C 1 3 1 5 ; 0 1 1
1,. o ;R6 2 21 1 ;1.2-2.f ; II.r f r -r. cn . . I I
14 e7 2 ")' 8532 2 2 2 32 1 1 11.3 2.1 . C 13.3 C.Z C.C . .C.0 , "0 1

169 311 34 34 34 3.. 1 1 1 11.3S 2.1 C. 4. 3 c .C C.0 C.9 C.0 0 55 C 1
17n 911 6 S1 12 1; IILI I- 2.1 r C S. - 2C C-C 5s 2..(3 2s 51 & 42
171 332 92 35 37 37 34 1 1 2 11.? 2.1 C.C 2.4 C.0 C.C C 3 C. 7 C 6 C 2 1
172 "4.r 97 "99 " 5 , 2 1 , . 1 -1 A 2 1 7.C A 1.' 0.! -2.3 2.fl I2 qa 2 -1
173 3 43 97 34 34 34 34 1 1 1 11.3 2.1 3.3C 1.q C.C C.C C.9 C.0 0 59 0 1,1
174 14C 17 r ) 4 3' 1 ̂, 1 ; 11. .I 1 C r 4.t 19 r - - 2.9 ;.i 32 S Q A 1
175. 35C 93 4.0 '4 4 35 1 1 ! 11.5 2.1 C.CC 7.1 1.5 C.C -3.0 3.9 0 59 2 3 1
1 7A* IR 914.,A44F .1 11 11P 71 r -r f 2-. r CtC o
177- C 91 41 45 4-5 33 1 2 5 11.8 2.1 2 .55 2. 2.1 C.C -1.7 7.9 33 63 3 4 1
17A 12 1 r 7 37 17 7 1 1 1 11.-P 2.1 f .O" 7-, 1-b I r - A n -7 Q A2 1 J"
179 37 91 32 32 3Z 32 1 1 1 11.8 .I1 C.CC 2.5 0.0 C.C 2.5 0.0 0 62 0 1 1
18 0 49 1 14 32 it d.'1 34 i 1..J..RL...L.3.2 .L. .l..11. c. -o 4.2r c.

.181 51 1 34 38 38 3E 38 2 2 2 11.8 2.1 C.0C 9. 1 4 1.C -1.6 1.8 0 6S 1 1 1
182 52 122 31 32 11 32 ; 5 7 1 2.1 C.5e 6.4 0.0 r.0 I.1. 1.A2 A -1
1 13* 57 132 38 42 42 33 2 3 8 11.5 2.1 1.53 8.5 1.1 C.C &.,7 2
184 302. 80 36 36 36 36 1 1 1 11.8 2.1 C.OC 4.C 1.2 C.C -1.9 0. .

39



.c c. 2 52 C 1 1

2- 7 C3 E~ 2. 16 0 1
C . . 2:~ . j. C 0 i1l

~ . 1 1 ~ . I. 2 ~ 26 4. 7 3 CO0 2'

2 c

-, 2 C 5 C C C I I

*,1 21

1 1

II-4C 01 1

Z 3

1~2 3. 1 1 1

5~~ 3~ 3 c t10253 4 2 1
-2 ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 2C13 ~ ,5- -- 1 - 0 1 1

.2 2 173 6 2 5 1 3 ' A ' 1 C 1 1 8 2 1 C C C C C 0 1 1



I abe 14 A2. A(H I) 'to .SLjI (,I p,,t tot ol m')'ItNo 2, ( .ise Sttviv~ No. 2

C 'TrC !$ ' L C L. L K

3 Z; '- c c c

2 1. 4* - .

3 3

~7 1 .3 5 - ce

1 3'. 7~' ' 4

C 0 4 C

3 7 z C C C C C c

334 4 7~1 C .O 2C

'' 1 75 C C cC 10 C C

34 5e 2 12 1 3' 1 t7 C C c.CO 3.CC C

V CL m ~ r L L .C X y~ C'j ' L~ CS C N 7 C
rj K__ lr1' ~T/ CL L IL TC~ tL CC FC Em/S -5- / S N CT R C T F

~11 .9.t .1.2C 4'C C 393.CS35 67 C CC C C

C Z 13.5



1'able A3. ACII" Volume Scan Output for \olume Scan No. 3, ('asfe Studv Nr). 2

'PACK~ PEF T1PE 154523 1 547C3 SM 2C6 a / N L - .9 163C )

F TXFQ ECrT Nr. CI TPLI

rFU~TDR:'n AV r, jt P Zg V~S2~ Ik L -(- CT TY NKA r M k NR

TR9 AZM RNr ZM RG AV PF V S C L FLL- x!C! bV CELL 01 T , T I: 3r

Nn )r n; KM m )Fl6. K M rl f- -I (- KM M~ T 1 I KY

62 31 1C9 32 126 37 4 2 U C C . .C 2 7 It C.C 2 C C
,.A 1 1 77 11 7 "i 1 . -C" C-1 r7,4 99; c 3 C C

68 37 5t 37 5e t.3 I . 1 c.2C 88 994 C.C 0 C C

71 5 132 52 131 3 1 C C .c C.C1 59 9; 0.C 6 C C

72 56 13 5' 13C 32 C . .C C.C2 ;9 99 ; .
r  

3 C 0
781 1, 147( 2 3 r. 7 8f14 9198C r

7, 13 ! 21 135 2 Z I C .CI C.CC 9 9 9 . 0 C C

1 23 t Z3 A1 21 -i -1 1 12 2A 1 2Z L r 7nr
75 24 1 221 242 3 3 - 7 . 1 Q 9"8 c.C 5 C C

1 23t 1 Z 3t 81Et 4, 4 7 5 1 1 1. . 51 4 1 .. 7 6 C C

7 7 7 3 . 1 2;)2 "1 1 ' 4 ' 1 .1 7 q (9 9 8 C
,  

.

78 258 54 2o1 5! ill 1 C C.C c 2.c1 C.22 959 99€ C.c 3 C C
4.'1 2S 9 111 28 C 1C 8 5 7 1 1 1 -- c .C 2.C8 0 C2 277 1, C 2 £

79 264 75 264 74 !2 2 1 C C C C c.c1 O.C2 989 Qqq C.C 1 -C C
j2 2 2 . S. 1C 899 9;5 n.C - 'C C

81 285 49 234 47 35 1? 1 1 1 0.- 2.C C.18 C.C5 q89 998 C.C 3 C C

82 272 53 272 8' ? 3 -5 1 2 C c1 2 .c c 99 995 r.C 4 C G
53 2 8C 78 282 78 31 32 1 C C CC .1 C.CC 1E9 5 C.C 4 C C

2 2 SiZ L2 L z I .Z A J _ 2 23 .i f .1 226 15 L C 5 c _

83 282 45 284 64 33 34 1 0 CC C C.Z2. c1 222 15 C.C 4 C C
• I, 29 71 79A _21 2 '' 1 C I.C C C 1 4C 215 1 0 C c

85 296 67 29 6 47 31 .1 1 C I C .C ..c 0 c.1 C.CC 9 99; C C 2 C 0

86 298 I1 !nZ tC 33 'e 1 0 2 C .C r C C . 1 899 999 C .C 3 c c

3 306 82 306 8C 35 37 3 2 2 4 .5 q C,47 C.14 254 It C.C 2 0 C
J7 331 34 331 4. 2 ' 2 1 2 C .C .. CI G -2.22 r 9 99S 2. n 0 t.

88 340 1:4 341 IC4 36 3E 1 0 C 2.2 C. 0 C.C€ 2.C2 89 998 C.C 2 0 0

89 341 87 344 F4 11 -2 2 1 1 2.C C.C 2 C.'; C.C1 218 12 C. 4 0 £

90 358 IC1 358 ICI 38 41 3 1 1 3.5 4. 1 81 C.31 0.C5 ;99 995 C.C 2 C 0

34 339 63 337 64 39 4E 33 5. 5 9.Cle.4 53 4.75 z.o3 53 11 .6.C 7 56 C
91 5 35 6 39 41 46 5 1 1 1.3 5.7336 0.27 C.C3 859 998 5.1 5 0 C
63 16 7R 17 79 39 45 F 2 2 .5 5.9"21 1.17 2.24 CS 1. 5.1

42



I d, U. A( HT Volille S,,it -m ouplt tut- \ Ounwm Scan No, :3. (ast Studv No. 2

LA 9 VFj~ C 4L "Pn TP TP F F

4~~ k, Y' 1 .. '3 S S ji1

4. t.1 8 C 1 1

1 0 ' 1 1.6 L 70C 1 t 1
1 ~ ~ ~ ~ . 1 .5 C 7 3 0 -

I. C0.0 7 1 . C c7 1 , 1

1 C . -2. 5 t.2 l 7 3 1 3 1
1' 7 C.- . C. C 0 4

C' C.Z!C 2 . 3 316 1 11

I 1.? 7C. 7 C 7 6 1 2 1

1. - 1. 3. 1 77 4 1

11 E. 2. C. . 73 4 1

C . 1 2 . 7 3 7 1 0
s~ C 1 5C1

1 1 1 3 15 C 2 2

1 4 9C S 14 961 1 1

17., r C .C 1 . 16, C 1 2
'- - C I I 1 2 1 t11 2

1 0 34 2 4 1

3 C E5 2 2 1

7 40 C

41 13 2

0 34 1 12

1 11I

c1 1



Ib I , A () u 3 1 11 t ATI U t U t ~ r t4 u, r f1

3 1

3 44 2

~' 1 2

C 74 5

12 L4 1 7

14~ ~ ~ Z 70663532

1 C 1 4 5 22

3 ' ~ ID Cl CC 1 7 1 3 2
11 31 c 1 1 ; 2

1 7 3 1 23 C33 71 4 4 j2 3 d C2 2
__1 . . .. r 1.. 3 1 L -- 1 1 C 3. 1 L) : t 1 2

17 -- -2 7CS3. 3 4 1 C U ' 1'C4 24 o 3112
1 1 2 3Z 1 1 1 L2 .. 1. 1 C C 0 2 27 1 1 2

1 '; 33 c 7 3 4 5 7 41 411 C 1 5 C 7 7 2 3 93 312

12 1 24 7 1 3r2 3 3 t 11 1 1 cc 0 i C 2 3 C1 2

23 335 7 5 3.''3 2 11 1 .. 1 1 3C 1 14 C C t32 8 2534 3 32

105 34 2 t 3 41 4 3 4? 4 1 C 15 7 1 C ' CC 3 1 1 3 C C 6.0 4 1 1 2 34 2 3 2
i 3 k &2 -3 1 -1 31 31 4 1 ~~ . C n Ql -l n1 2 9r 1 2-



Table A3. ACIDT Volume Scan Output for Volume Scan No. 3, Case Study No. 2

2C7 34d 80 33 33 3- '3 1 1 1 1C.0 6.C C.CC 3.2 1.2 C.C -6.6 0.0 22 34 1 1 2

2rP 152 71 l L.r11 I- -r (i-iC - F1 - ? C r - - 22 AL 2 r 2

2cQ 2c 71 tc 36 38 e 3 1 .3 t.
4  

C. 1C 1.t C.C C.C -2.6 C.O 0 C C 1 2
-;11 129 R 4 .. 34 1 4 A 1.5 7. 1.42 b I 2.2 C C 3 - I r5-I4 I I
213 1c 8t 35 35 ! 35 3 " . . C.2C .2 1.4 C. "1.9 0.8 44 63 4 2 2
21 4 1 72 1 h b_ t 3 1 to.. 1 1 1 '- :L- ' '---I. C - r 4- A Q-11 22 ;- I I n ;

215 308 t5 3 1 !32 31 3 1 1 Z Z . 4. C.C 4. 1.7 C.C -7.3 C.7 39 34 1 2 2
21& 22 P1V 7 31 Za I P - _Ij _ltL r , 1 1.8 1.C -3.9 3.3 16 ' 5 2

218 284 64 !3 31. 34 -1 2 2 4 1:.4 c . 2. 4. .1 1.C .C 2.1 1.4 !37 3 C 1
219. ASC 51 46 4?4 C4 41, .6 'C2 1 , 119 3.4 1.3 C.C C.5 1.4 12 4 6 1

,24 347 66 38 4C '.C 35 C e . 3.3 4.32 1.; 1.4 C.C 4.7 3.4 22 34 t t 1
127 -4t a9 I-4 fj5 . ~ .4 .. -,12 1.,2 C .C 1.-9 1 ,1 12 '

CLuSTER CTPUT

CENTRCID Z N SP; SPF CRT O ' T VEL..I'Y S 32P MX %; SF CELL CELL NC
TRK AZM RNa -E& L- AE --I-:-T t ; 4 SKM t T IC IC RCT. Div. R

NO OEG M OE C8 C ,' K p C : M /I Nt, / KM NC NC MSK P MSKIA CS
3 t 2 ; 17- 19 41 L_ .Lfl._ jt_-1 5 _a7 10 , Q 5 c r- , 1 0.na n
37 285 65 34 33 2 C.C C.C 81 ;.F 11.7 1.C 4 C C C.,00 O.CC C
3S 233 219 42 45 . .C C. C 1 1 4.4 i t r .C 7 C C C.00 0.00 r
39 314 64 35 4C 1.710.1 13 34 7.7 2.7 2.3 4 C 25 -2.C1 3.67 6
28 344 g 4 31 32 i_ 4__fi.. r -L6C. 4 C C r.,) n. r .

40 359 132 3Q 41 i 3.C C.C C (C 0.2 C.C 1.7 2 C C C.00 O.CC C
41 271 99 3 a 44 0L L 1 rl -1~~~~5 r -512 C
42 7 39 43 46 3 l.4 I.9 44 91 P.C C.C 1.1 4 C C C.Cc O.CC C
4 303 R2 37 37 1 t.C i,. C I 13.I 13. 1.2 1 C I c.00 .-o0 r

25 338 69 36 41 4 1.; 4.4 309 34 14.1 9.3 1.0 4 11 C -C.86 4.53 3
41 329 74 37 41 ' .-1 5 - 3 1 -1.4 -.1 ;.9 1 C 21 -r.4 4.A9 3

22 351 72 39 46 E 3.1 4.3 322 34 14.1 3.C 1.3 7 C C -1.13 4.58 6
12 349 55 43 49 E 2.1 4.-7 3 0i F _3.-7A .6 1.4 6 1 r -1.12 415 -

16 19 76 39 45 t 1.2 5.; 3q o3 15.2 7.e 2.3 8 C C 1.04 4.51 4

44 16 83 38 40 ! 3.C 2.7 3Z t3 9.5 t.; 3.2 4 C 1 3.17 4.88 3

45 2tC 109 35 37 1 C.C C.C C 43 13.4 -1.5 1.1 2 C C C.CO O.CC C
46 303 75 34 34 1 0.C P.C 2 3 14.3 - .5 1.3 1 C 4 C.00 0.00 0

35 329 86 35 40 2 .C .C C C 12.9 1.9 2.3 6 C C C.00 O.CC C

VOL HHMM AREA WFLLX NEAC NEIGFE[P ACT NC NC VELCCI7Y lAP CLS CNT C CVER

SCAN KKP2 KMT/H CELL CLST CCNT VCL CS C EMI/ NP/S NC CTR CT
R 

C

3 1545 3.5 21.83 6.C 1 .6 C.0 1131 I 1C 12.3 4.6 2614 46 91 C 0 CC C 0

45

Ii



Table A4, A('I)IT Volume Scan Output for Volunw S':in No. 4. (Case Study No. 2

- 2..I~1llx 1.. IZ -!!---iL .Z,.A -1 '1 0 L t1TRAC R T : l .115 - 2 :. r ' /C L 2.4 2 T 2 5 (C C C )

L L7i~ P~ C T 'T Ml

IP: 2AC, _5' .! . _ ,% ;-. - . , -v . ' __ __ '._: 'C, 015 IC
€3 LL 2L 2.L

0
.Y' T Y .. . . ',. .' C YLS 2.C M. 1 0

L ___ 3 1 5 l' 1111' A. Z P% s L. L. Z I . S.:Z TcZ TO I.:
T1 rK1mf

9._l 9 S = , : - - - - --".1 5 ; 9 . .
7 5 5,. 21 1 1 1 " " . :. . 1 e -75 z 1 1

Im 1 1 t 1I 2
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